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ABSTRACT
Disc accreting neutron stars come in two distinct varieties, atolls and Z sources, named
after their differently shaped tracks on a colour-colour diagram as the source luminosity
changes. Here we show that the atoll systems are poorly named. On a colour-colour
diagram they do not trace out an atoll (or C) shaped path. They trace out a Z. Thus
they evolve with increasing mass accretion rate in very similar ways to the Z sources!
This strongly favours models in which the underlying geometry of these sources changes
in similar ways. A likely scenario is one where the transition between the upper and
lower branch of the Z in both sets of sources is caused at the point where a truncated
inner disc finally penetrates down to the neutron star surface, but that in the ‘atolls’
the disc is truncated by evaporation whereas in the Z sources it is truncated by the
magnetic field.
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1 INTRODUCTION
Low mass X-ray binaries (LMXBs) hosting a neutron star
can be observationally divided into two main categories,
dubbed atolls and Z sources (Hasinger & van der Klis 1989).
This classification is based on changes in both spectral and
timing properties as the source varies. Z sources are named
after a Z-shaped track they produce on an X-ray colour-
colour diagram. Atolls can fall into one of the two spectral
states, a hard, low luminosity ‘island’ or a soft, high lumi-
nosity ‘banana’. Only a few of them were observed in both
states. The transition between these states is rapid and not
covered well by observations. However, the atolls are thought
to trace a C-shaped track, while moving from the island to
the banana (see e.g. fig. 1 in Me´ndez et al. 1999). These dif-
ferences between the two LMXBs categories probably reflect
differences in both mass accretion rate, M˙ , and magnetic
field, B, with the Z sources having high luminosity (typ-
ically more than 50 per cent of the Eddington limit) and
magnetic field (B ≥ 109 G) while the atolls have lower lu-
minosity (generally less than 10 per cent of Eddington) and
low magnetic field (B  109 G) (Hasinger & van der Klis
1989).
Both atolls and Z sources move along the track on the
colour-colour diagram and do not jump between the track
branches. Most of the X-ray spectral and timing parame-
ters (e.g. the kilohertz QPO frequency: Me´ndez & van der
Klis 1999) depend only on the position of a source in this
diagram. This is usually parameterized by the curve length,
S, along the track. It is generally believed that S is propor-
tional to the accretion rate (e.g. van der Klis 1995), which
increases from the horizontal (top) to the flaring (bottom)
branch in the Z sources, and from the island to the banana
in the atolls.
The X-ray luminosity of the LMXBs generally correlates
with S, though the correlation breaks down on shorter time-
scales. The X-ray count rate can vary by a factor of a few on
short time-scale with constant spectral shape and variability
characteristics. This requires that the accretion flow splits
into two components which are not well correlated, perhaps
a disc and radial inflow (Fortner, Lamb & Miller 1989) or
outflow (Ford et al. 1999). Probably the best current expla-
nation is that the spectral state is determined by the inner
radius of the accretion disc, which is related to the mass ac-
cretion rate averaged over the viscous timescale, while the
X-ray flux is determined by the instantaneous mass accre-
tion rate through the inner radius (van der Klis 2001).
In the atolls, models with a moving inner disc edge can
also explain the dramatic spectral transition from island
state to banana branch as the point where the disc inner
radius hits the neutron star surface. The Z sources are also
proposed to have a variable inner disc edge, with the dif-
ference that the higher magnetic field means that the disc
cannot penetrate down to the neutron star surface except at
very high mass accretion rates (e.g. Lamb 1989). But if the
Z and atoll source geometry is so similar, it is very surprising
